Immunization in Periodontics: A Systematic Review by Reddy, N Raghavendra et al.
N Raghavendra Reddy et al
90
REVIEW ARTICLE
Immunization in Periodontics: A Systematic Review
N Raghavendra Reddy, Yuvraja, Esther Nalini, Renuka Devi, Arun
ABSTRACT
Background: Formulation of a vaccine against pathogenic
microorganisms causing periodontal diseases has been under
research for a decade. Many in vitro and in vivo studies have
been made in this regard. The aim of this study is to review all
preclinical (i.e. animal) and in vivo studies that presents
supporting evidence for the feasibility of formulating a
prophylactic human periodontal vaccine.
Materials and methods: A manual and electronic literature
search was made for animal studies up to 2011 that presented
clinical, morphologic (alveolar bone level), and immunologic data
for the efficacy of a prophylactic periodontal vaccine. A total of
31 studies are included out of which nine are in vivo studies.
Results: In vitro studies revealed a definitive inhibitory effect of
vaccines over periodontal disease causing organisms and their
vulnerability toward such agents. Among the studies reviewed,
in vitro outnumbered the in vivo studies and there is definitely a
lack in quality and quantity of human trials in this regard. Most
in vitro studies have shown results in favor of vaccines preventing
the periodontal diseases by action against pathogenic
organisms.
Conclusion: Because of the insufficient quality and quantity of
human trials, no adequate evidence could be gathered to use
the beneficial effects of these animal experiments to formulate
a prophylactic human periodontal vaccine. Thus, good quality
animal and human trials are needed in this field of vaccination
against periodontal diseases.
Keywords: Periodontal vaccine, Animal studies, Periodontal
diseases.
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INTRODUCTION
Periodontal diseases belong to a heterogeneous family of
diseases, which demands a clear need for a better
understanding of the etiology and pathogenesis behind
formulation of a vaccine against the same. Both specific
and nonspecific plaque hypothesis has its own merits and
demerits.1,2 However, epidemiological evidence indicates
that host factors are likely to be of over-riding importance
for the most severe forms. Specific inhibitors of virulence
factors provide a logical approach, but their clinical
application still demands improvement. Improvement of
general health and resistance to disease by proper nutrition,
the avoidance of intercurrent disease, and elimination of
smoking and stress-induced risk are encouraged. The genetic
basis of susceptibility to periodontitis is increasingly
understood, and, while gene therapy is not likely to be a
practicable approach to prevention, genetic markers of risk
are emerging. The vaccine should also be investigated first
in animal models like rodents, followed possibly by
nonhuman primates, before being studied in human beings.
Various bacterial strains being investigated are
Porphyromonas gingivalis, Prevotella intermedia, Tannerella
forsythia (previously T. forsythensis), Bacteroides macacae,
Aggregatibacter actinomycetemcomitans (previously
Actinobacillus actinomycetemcomitans) and Campylobacter
rectus. These strains are used for periodontal vaccine
preparation. The immunogens being tested included whole
cells, sonicated cell walls, fimbriae and few purified
proteins.
Reviews so far conducted have stressed on the need for
preventive therapy for periodontal disease because of its
worldwide prevalence, systemic disease linkage, and the
failure of traditional periodontal therapy to regenerate the
lost periodontium or to eliminate the disease. Thus, the aim
of this review is to discuss all the preclinical studies, which
support the evidence for the feasibility of formulating a
prophylactic human periodontal vaccine.
MATERIALS AND METHODS
The PubMed (MEDLINE) database of the US National
Library of Medicine and the Cochrane Library of the
Cochrane Collaboration (CENTRAL) were used as
electronic databases, and a literature search was
accomplished of articles published in English from 1950
to February 2010. Articles available online in electronic
form before their publication in material form (Epub ahead
of print or early online articles) were considered to be
eligible for inclusion in the present article. The electronic
search was carried out by applying the following terms
and keywords: Vaccination, immune response, genomic
vaccine, recombinant vaccine, subunit vaccine, adjuvant,
animal model, animal study, preclinical study, monkey
study, rat study, dog study, rabbit study, periodontal
vaccine, human periodontal vaccine, vaccine for
periodontal disease, prevention of periodontal disease by
vaccine, vaccination against periodontal disease,
vaccination against periodontal bacteria, animal trials for
periodontal vaccine, animal studies for periodontal vaccine,
periodontal vaccine using animal models, periodontal
vaccine using nonhuman primates, periodontal vaccine
using murine models, active immunization for periodontal
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disease, passive immunization for periodontal disease, DNA
vaccine for periodontal disease, periodontal vaccine against
Porphyromonas gingivalis, periodontal vaccine against
Actinobacillus actinomycetemcomitans, periodontal vaccine
against Fusobacterium nucleatum, periodontal vaccine
against Prevotella intermedia, periodontal vaccine against
Tannerella forsythia, periodontal vaccine against
Treponema denticola, and periodontal vaccine against
Herpes virus.
In addition, a hand search (up to 2011) of the Journal of
Periodontology, Journal of Clinical Periodontology, Journal
of Periodontal Research, Oral Microbiology and
Immunology, Critical Reviews in Oral Biology and Medicine,




In the present review, in vitro and in vivo studies were
analyzed based on whether the study concerned belonged
to the active or passive type of immunization. Among the
in vitro studies conducted from 1970 (Ivanyi et al) till 2011
(Gibson and Genco), analysis was done regarding different
types of agents and adjuvants, different routes of
administration of vaccines, different animals used and
different parameters employed in each study to check the
efficiency of vaccines.
Inducing immunity by injecting whole cell inactivated
antigens has been the cornerstone of vaccination against
any disease. Bone loss was found to be less in the group
that received vaccine. Clark et al (1991) assessed the
potential for vaccination with P. intermedia and Ebersole
et al (1991) with P. gingivalis and P. intermedia. Both
studies showed a substantial systemic immune response and
a reduction of microorganisms. Various antigenic
components in a microorganism possessed different degree
of immune stimulation. Fimbrial protein of P. gingivalis
was found to be more effective than the cell surface receptor
of the same (Evans et al 1992). Similar studies by Persson
et al (1994), Chen et al (1995) and Katz et al (1999) on
immunization induced by P. gingivalis also proved the same
results. Attempt of vaccine preparation employing molecular
proteins of pathogenic periodontal organisms like fimbrial
protein (Sharma et al 2001, Takahashi et al 2007),
bacteroides secretory protein (Sharma et al 2002), outer
membrane protein (Yoshiaki et al 2003), capsular protein
(Gonzalez et al 2003), gingipain protease secreted by P.
gingivalis which tend to reduce inflammation (Rajapakse
et al 2002, Miyachi et al 2007), heat shock proteins (Lee et
al 2006) and cysteine protease (Page et al 2007) have been
some important contributions to the present status of
periodontal vaccination.
Chronic disease is not generally an indication for passive
immunization by the repeated administration of an
immunoglobulin. However, passive immunization against
periodontal microorganisms has been attempted. Study by
Yamashita et al (1991) on Rowett rats with vaccine
consisting of cloned A. actinomycetemcomitans-specific T
helper cells was the first ever major step in formulating a
periodontal vaccine. Passive immunization against
periodontal pathogens temporarily prevents colonization of
P. gingivalis. Ellen VG Frendsen et al (1996), attempted
characterization of IgA1, in different subspecies of
Capnocytophaga. Bezerra et al study in 2000 comparing
the effects of drugs like indomethacin and meloxicam on
periodontal diseases have added an additional dimension
of using drugs as vaccines.
In vivo Studies
In vivo are longitudinal studies before and no human trials
are made till present. Aukhil et al (1988), Kohyama et al
(1989) and Sjostrom et al (1994) in their longitudinal studies
measured the reduction in serum IgG titers following initial
cause related periodontal therapy (ICRT) to different
periodontally pathogenic organisms like P. gingivalis,
T. denticola, A. actinomycetemcomitans and F. nucleatum.
The effectiveness of monoclonal antibodies against the
pathogens has been further reinforced by the longitudinal
study of Booth et al (1996). Among the other in vivo studies
Takichi et al in 2000, investigated expression of mRNA,
IL-2, IL-5, IFN-, to ascertain the nature of infiltrate
associated with destruction and pocket formation. The study
also revealed that under appropriate stimulation there was
an upregulation of Th type 2 cells, emphasizing the potential
of CD8 T lymphocytes to participate in periodontal disease
pathology. In order to stress on the great influence of
environment and socioeconomic variables, Craig et al
(2002), measured the serum IgG antibody response to six
periodontal pathogens among three entirely different urban
population consisting of Asiatic, African-American and
Hispanic subjects and found a positive correlation.
An important link in innate immunity in Drosophila is a
receptor protein named toll, which binds fungal antigens
and triggers activation of genes coding for antifungal
proteins. An expanding list of toll-like receptors (TLRs)
have now been identified in humans (Teng et al 2006),
(Kinane et al 2007). The in vivo studies also concentrated
on the role of RANK-L/osteoprotegerin system and its effect
on bone resorption in conjunction to the lipopolysaccharide
(LPS) stimulation. Thus, it is evident that keeping the
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complex nature of periodontal diseases in mind, a
multifactorial approach including host-derived factors
(enzymes and other defense mechanisms), antibacterial,
anti-inflammatory and specific virulence inhibitor
components is required for the successful formulation of a
periodontal vaccine (Johnson et al 1994).
Future of Periodontal Vaccines
DNA vaccines that were first described less than 5 years
ago have already progressed to phase I clinical trials in
healthy adult humans. They might induce immunity to
numerous agents, including periodontopathic bacteria,
following confirmation of their safety. Advantages of DNA
vaccines are:
1. DNA vaccines can be manufactured more easily than
vaccines consisting of an attenuated pathogen, an outer
or internal protein or a recombinant protein.
2. DNA is stable by nature and resistant to extremes of
temperature, storage, transport and distribution.
3. The immunogenicity of the modified protein may be
directly assessed following an injection of DNA vaccine.
4. DNA plasmids encoding a gene required for antigen
production are transferred by intramuscular needle
injection without adjuvant. Alternatively, intradermal
particle bombardment is also effective.
CONCLUSION
In this documentation various in vitro and in vivo studies
are reviewed. The in vitro studies were conducted on
experimental animal groups like Macaca fascicularis,
BALB mice, Beagle dogs and Spring Dawley rats. These
animals were inoculated with antigens consisting of either
live or dead microorganisms. Various routes of vaccine
administration namely intranasal, intravenous, intra-
muscular, subcutaneous, intradermal were tried and each
route has proved its own significance, mucosal being the
better among all. Among the outcomes measured are clinical
features like alveolar bone loss, clinical attachment level,
probing depth and also serological investigations like
molecular levels of IL-1, TNF-, PGE2, IgG levels, IFN-.
All the in vitro studies showed significant improvements in
clinical and microbiological outcomes but the concrete
evidence supporting the formulation of an analogs human
periodontal vaccine is still missing.
The in vivo studies were conducted among different
ethnic races that included Caucasoids, African-Americans
and Asians. Most studies were conducted as longitudinal
studies and serological investigations were given
considerable importance. An emphasis on association of
plaque control, socioeconomic status and role of genetics
with periodontal diseases is made. To end with, periodontal
vaccine may be expensive in the near future but it may
overcome the financial burden of periodontal treatment on
patients.
Though many animal studies are conducted, there still
is an insufficiency of data available on the transfer of the
results obtained from animal trials on to humans. In
conclusion long-term clinical trials are needed to formulate
a beneficial prophylactic multispecies human periodontal
vaccine.
REFERENCES
1. Loesche WJ. Chemotherapy of dental plaque infections. Oral
Sci Rev 1976;9:65.
2. Loesche WJ. Ecology of the oral flora. In: Nisengard RJ,
Newman MG (Eds). Oral microbiology and immunology.
Philadelphia: Saunders 1988:307.
3. Clark WB, Magnusson I, Beem JE, Jung JM, Marks RG,
McArthur WP. Immune modulation of Prevotella intermedia
colonization in squirrel monkeys. Infec Immun 1991
Jun;59(6):1927-31.
4. Yamashita K, Eastcott JW, Taubman MA, Smith DJ, Cox DS.
Effect of adoptive transfer of cloned A. actinomycetemcomitans-
specific T helper cells on periodontal diseases. Infec Immun
1991;59(4):1529-34.
5. Ebersole JL, Brunsvold M, Steffensen B, Wood R, Holt SC.
Effects of immunization with P. gingivalis and P. intermedia on
progression of ligature-induced periodontitis in the nonhuman
primate Macasa fascicularis. Infec Immun 1991;59(10):3351-59.
6. Evans RT, Klausen B, Sojar HT, Bedi GS, Sfintescu C,
Ramamurthy NS, et al. Immunization with P. gingivalis fimbriae
protects against periodontal destruction. Infec Immun
1992;60(7):2926-35.
7. Persson GR, Engel D, Whitney C, Darveau R, Weinberg A,
Brunsvoldand M. Immunization against P. gingivalis inhibits
progression of experimental periodontitis in nonhuman primate.
Infec Immun 1994;62(3):1026-31.
8. Katz J, Black KP, Michael SM. Host responses to recombinant
hemagglutinin B of Porphyromonas gingivalis in an
experimental rat model. Infec Immun 1999;67:4352-59.
9. Martuscelli G, Fiorellini JP, Crohin CC, Howell TH. The effect
of interleukin-11 on the progression of ligature-induced periodontal
disease in the beagle dog. J Periodontol 2000;71:573-78.
10. Bezerra MM, de Lima V, Alencar VBM, et al. Selective
cyclooxygenase-2 inhibition prevents alveolar bone loss in
experimental periodontitis in rats. J Periodontol 2000;71:
1009-14.
11. Sharma, et al. Oral immunization with recombinant
Streptococcus gordonii expressing Porphyromonas gingivalis
FimA domains. Infec Immun 2001;69:2928-32.
12. Rajapakse PS, O Brien-Simpson NM, Slakeski N, Hoffmann
B, Reynolds EC. Immunization with the RgpA-Kgp proteinase
adhesin complex of Porphyromonas gingvialis protects against
periodontal bone loss in the rat periodontitis model. Infec Immun
2002;70:2480-86.
13. Gonzalez D, Tzianabos AO, Genco CA, Gibson FC.
Immunization with P. gingivalis capsular polysaccharide
prevents P. gingivalis elicited oral bone loss in a murine model.
Infec Immun 2003;71(4): 2283-87.
Immunization in Periodontics: A Systematic Review
Journal of Orofacial Research, April-June 2013;3(2):90-99 99
JOFR
14. DeCarlo AA, Huang Y, Collyer CA, Langley DB, Katz J.
Feasibility of an HA2 domain-based periodontitis vaccine. Infec
Immun 2003 Jan;71(1):562-66.
15. Roberts FA, Houston LS, Lukehart SA, Mancl LA, Persson GR,
Page RC. Periodontitis vaccine decreases local prostaglandin
E2 levels in a primate model. Infec Immun 2004;72:1166-68.
16. O’ Brien-Simpson, et al. An Immune response directed to
proteinase and adhesin functional epitopes protects against P.
gingivalis induced periodontal bone loss. J Immunol
2005;173:980-89.
17. Lee, et al. Porphyromonas gingivalis heat shock protein vaccine
reduces the alveolar bone loss induced by multiple
periodontopathogenic bacteria. J Periodont Res 2006;41:10-14.
18. Takahashi, et al. Induction of immune responses and prevention
of alveolar bone loss by intranasal administration of mice with
P. gingivalis fimbriae and recombinant cholera toxin b subunit.
Oral Microbiol Immunol 2007;22:374-80.
19. Miyachi K, Ishihara K, Kimizuka R, Okuda K. Arg-Gingipain
A DNA vaccine prevents alveolar bone loss in mice. J Dent Res
2007;86:446.
20. Page, et al. Immunization of Macaca fascicularis against
experimental periodontitis using a vaccine containing cysteine
protease purified from P. gingivalis. Oral Microbiol Immunol
2007;22:162-68.
21. Momoi F, Hashizume T, Kurita-Ochiai T, Yuki Y, Kiyono H,
Yamamoto M. Nasal vaccination with the 40-kiloDalton outer
membrane protein of P. gingivalis and a nontoxic chimeric
enterotoxin adjuvant induces long-term protective immunity
reduced levels of IgE antibodies. Infec Immun 2008;76(6):
2777-84.
22. Zhang, et al. Sublingual vaccination with outer membrane
protein of Porphyromonas gingivalis and FH3 ligand elicits
protective immunity in the oral cavity. Biochem Biophys Res
Commun 2009;390:937-41.
23. Liu PF, Haake SK, Gallo RL, Huang CM. A novel vaccine
targeting Fusobacterium nucleatum against abscesses and
halitosis. J Vaccine 2009;27:1589-95.
24. Gibson FC 3rd, Genco CA, et al. Prevention of P. gingivalis
induced oral bone loss following immunization with gingipain
R1. Infec Immun 2011;69(12):7959-63.
25. Ivanyi L, et al. stimulation of lymphocyte transformation by
bacterial antigens in patients with periodontal disease. Archs
oral Biol 1970;15:1089-109.
26. Frandsen EV, Reinholdt J, Kilian M. Enzymatic and antigenic
characterization of IgA1 protease from bacteroides and
capnocytophaga. Infect Immunol 1987;55(3):631.
27. Aukhil I, Lopatin DE, Morrison EC, Kowalski CJ. The effect
of periodontal therapy on serum antibody (IgG) in plaque
microorganisms. J Clin Periodontol 1988;15:544-50.
28. Kohyama A, et al. Microbiological and serological investigation
of periodontal diseases activity. Nippon Shishubyo Gakkai
Kaishi 1989;31:360-79.
29. Sjostrom K, Ou J, Whitney C, Jhonson B, Darveau R, Engel D,
et al. Effect of treatment on titer, function and antigen recognition
of serum antibodies to Actinobacillus actinomycetemcomitans
in PTS with rapidly progressive periodontitis. Infec Immun
1994;62:145-51.
30. Horibe M, Watanabe H, Ishikawa I. Effect of periodontal
treatments on serum IgG antibody titer to periodontal bacteria.
J Clin Periodontol 1995;22:510-15.
31. Mooney J, Adonogianaki E, Riggio MP, Takahashi K, Haerian
A, Kinane DF. Initial serum antibody titer to Porphyromonas
gingivalis influences development of antibody avidity and
success of therapy for chronic periodontitis. Infec Immun
1995;63:3411-16.
32. Booth V, Ashley FP, Lehner T. Passive immunization with
monoclonal antibodies against P. gingivalis in patients with
periodontitis. Infec Immun 1996;64:422-27.
33. Craig RG, Boylan R, Yip J, Mijares D, Imam M, Socransky SS,
et al. Serum IgG antibody responses to periodontal pathogens
in minority populations: Relationship to periodontal disease
status and progression. J Periodont Res 2002;37:132-46.
ABOUT THE AUTHORS
N Raghavendra Reddy (Corresponding Author)
Professor and Head, Department of Periodontics, KSR Institute of
Dental Sciences and Research Centre, Kalvi Nagar, Tiruchengode
Namakkal, Tamil Nadu, India, Phone: 91-9538431386, e-mail:
nrreddy8@yahoo.co.in
Yuvraja
Postgraduate Student, Department of Periodontics, KSR Institute of
Dental Sciences and Research Centre, Namakkal, Tamil Nadu, India
Esther Nalini
Reader, Department of Periodontics, KSR Institute of Dental Sciences
and Research Centre, Namakkal, Tamil Nadu, India
Renuka Devi
Reader, Department of Periodontics, KSR Institute of Dental Sciences
and Research Centre, Namakkal, Tamil Nadu, India
Arun
Reader, Department of Periodontics, KSR Institute of Dental Sciences
and Research Centre, Namakkal, Tamil Nadu, India
